The application of the cortisol-3-125J-histamine radioligand to the assay of plasma cortisol was therefore investigated.
Materials
All solvents, reagents, solutions, and buffers were as described by Fahmy et al. (1975) . Other simple laboratory reagents were purchased from BDH Chemicals Ltd, Poole, Dorset. Ethyl acetate was refractionated and stored in dark glass. Silica gel pre-coated plastic sheets for thin-layer chromatography (Machery Nagel Polygram Sil GjUV254) were obtained from Camlab Ltd, Cambridge. Polystyrene assay tubes (LP3) were obtained from Luckham Ltd, Burgess HiIl, Sussex. Histamine was purchased from Sigma Chemical Co. Ltd, Kingston-upon-Thames, Surrey, and stored in small aliquots, desiccated, at -20°C. Sodium iodide-1251 (IMS-30) was obtained from The Radiochemical Centre, Amersham, Buckinghamshire. Synacthen (0'25 mg/rnl) was purchased from Ciba Laboratories, Horsham, Surrey. RADIOLIGAND Histamine was iodinated with 125J by a Chloramine T procedure and then coupled to cortisol-3-(Ocarboxymethyl)-oxime by a mixed anhydride procedure, essentially as described by Hunter e1 al. (1975) . Ethyl acetate however replaced toluene in the extraction and wash stages to compensate for the greater polarity of cortisol (HiIlier and Read, 1975) .
The ethyl acetate extract was dried over anhydrous sodium sulphate and the cortisol 125I-histamine derivative purified by TLC on methanol-washed, pre-coated, silica-gel, plastic sheets in the solvent system toluene:ethanol:acetic acid (75:24:1 by vol.), The derivative, located as a single peak of radioactivity using a Berthold radiochromatogram scanner, was eluted with ethanol and stored at 4°C. Yields exceeding 60 %, based on radioiodine recovery, were consistently achieved.
Aliquots of the ethanolic stock solution were diluted with assay buffer before each assay to a final concentration of 10000 ctjrnin nominal in 100 iLl of solution.
ASSAY PROCEDURE Standards were prepared by suitable dilution of an ethanolic stock solution of cortisol containing 100 ng/rnl so that the standards used in the assay contained 100, 200, 300, 400, 600, 800, 1200, 1600, and 2000 pg steroid. Two tubes containing only ethanol acted as zero standard. . Plasma samples (100 iLl) were added to glass tubes (10 x 75 mm) and mixed with ethanol (500 iLl) on a G. F. Read, Diana R. Fahmy, and R. F. Walker vortex mixer. After centrifugation at 2500 rev/min at 4°for 10minutes in an MSE Mistral/4Lrefrigerated centrifuge, the supernatant was decanted into a fresh glass tube. An aliquot (100 ,.,.1) of the supernate was transferred to a glass tube, propylene glycol (20,.,.1 of a 50% ethanolic solution) was added to all tubes including standards before drying under nitrogen for 10 minutes at 30°C. Antiserum (500 ,.,.1), at the appropriate dilution, was added to all tubes and after mixing for five seconds on a vortex mixer, the tubes were allowed to stand for one hour at 30°C to ensure the cortisol was in solution. Duplicate aliquots (100 iLl) were dispensed into plastic LP3 tubes; radioligand solution (100 iLl) was added and the tubes were incubated at 30°C for an hour to allow equilibration before cooling in ice for 20 minutes.
Assay buffer (100 iLl) and radioligand (100 ,.,,1) were also dispensed into two plastic tubes to ascertain the maximum counts bound.
Dextran-charcoal suspension (500 ,.,.1) was added to all tubes and each tube mixed for five seconds on a vortex mixer before standing on ice for 17 minutes. After centrifugation for 10 minutes, at 4°C, the supernatant was aspirated and the tubes containing the residual charcoal pellet (counts free), were then counted in an LKB-Wallac 80 000 automatic gamma spectrometer. The counter was set to accumulate 20000 counts from the Fo tubes (maximum counts free). Standard curves were constructed by plotting FIFo against mass of steroid or by fitting values of the response metameter to the cortisol concentration using a four-parameter model (Rodbard and Hutt, 1974) .
Results and discussion
The use of a radioligand coupled through the same position as that used to couple the hapten to the antigenic carrier-a homologous system-is commonly associated with greater specificity than can be achieved with a heterologous system. However as the structures of the 125I-ligand and the original antigen are similar, the antigen tends to bind the tracer with greater affinity than the unlabelled steroid, thus reducing the sensitivity of the assay. This phenomenon has been extensively discussed (Cameron et al., 1975; Hunter et al., 1975) .
A study of the antisera raised (24 antisera from nine rabbits) indicated that it was possible to obtain standard curves over the range 15-800 pg using [1,2,6,7-3H]-cortisol (15000 ct/min) as radioligand, This sensitivity potential was in no case obtained using the 125I-radioligand. Equivalent sensitivity could be obtained only by reducing the mass of tracer to give 2000 ctjmin nominal, and by increasing the antiserum dilution to give 50 % initial binding. Under these conditions adequate precision was obtained only by using unacceptably long radioactivity counting times, and the range of the standard curve was reduced, requiring samples to be re-run at serial dilutions. Obviously these conditions would not be satisfactory in a routine clinical assay. Therefore the antiserum with the most favourable sensitivity potential was selected by running dilution curves in the presence of 400 pg of non-radioactive steroid, using the smallest mass ofl 25I-radioligand compatible with a routine assay (IO 000 ct/rnin nominal). That antiserum with the most favourable sensitivity potential was selected for further study (Fig. I) . The antiserum selected, designated R1ba, was used at a final dilution of 1/80 000. A replicate standard curve, prepared by composition of duplicate standard curves from IO consecutive assays is shown in Fig. 2 . The curve gave adequate precision from 50-2000 pg, allowing quantitation of plasma samples covering the range 1'5-60 fLg/IOO mI. Thus most clinical samples received are covered by one dilution of plasma, and the number of samples which have to be re-assayed is small. The cross-reactivity (Abraham, 1969) of antiserum Rrbs with naturally occurring e2l-steroids, synthetic corticosteroids commonly present in plasma samples submitted to these laboratories and other steroids of physiological importance, is shown in Table I . The main cross-reactants are l l-deoxycortisol, 21-deoxycortisol, and the synthetic steroids hyperplasia have been reported (franks, 1974) . This assay, in its present form, is therefore unsuitable for samples from such subjects. Samples known to contain significant concentrations of l l-deoxycortisol are dealt with by a solvent partition procedure which separate cortisol and l l-deoxycortisol (Fahmy and Read. unpublished observations) .
Efficiency of extraction procedure
The efficiency of the extraction procedure was checked by monitoring the recovery of PH ]-eortisol tracer added to plasma samples having titres expected in normal and pathological conditions. The results are shown in Table 2 ; recovery of [3H ]-cortisol was routinely> 97%. 
Accuracy ofassay
The accuracy of the assay was assessed by determining the recovery of unlabelled cortisol (10-40 ng) added to duplicate aliquots (looftl) ofa plasma from a normal subject. After being incubated overnight at 4°C the sampleswere assayed in duplicate. Results are shown in Table 3 . Recovery of added steroid was satisfactory at all levels within normal range. Table 3 Recovery of cortisol added to plasma (tOO ,,0 front a /""IIIal subject 
Specificity
The specificity of the assay was further examined by comparing results from assays of unselected routine plasma samples performed with and without thinlayer chromatography pre-assay purification. Recovery of cortisol after chromatography was assessed by monitoring a [3H ]-eortisol internal standard incubated overnight with the plasma samples before extraction. Ethanol extracts were purified by chromatography on methanol-washed silica gel pre-coated plastic sheets, developed with the solvent system dichlormethane :methanol :water 150:20:1 (by vol.), The results obtained are shown in is therefore no significant blank. Since the slope is not significantly different from one (m = 0'999) the assays with and without chromatography are equivalent for routine samples. ("or,;.wltllldf'd ('(",;.\(,[ Oif]C.·r(·III't" R."tOU",,, ,,,r'Il'''''''- A high titre plasma sample from a patient undergoing a Synacthen stimulation test was assayed after serial dilution with assay buffer. Correlation of cortisol titre on sample volume was excellent (r = 0'996) and the intercept was not significantly 
Precision of assay
The precision of the assay was determined according to Snedecor (1952) . The results from a series of duplicate determinations were grouped in accordance with the range of the standard curve within which values fell. For values within each range (0-250, 250-1000, 1000-2000 pg) the standard deviation of results from their mean was estimated using the formula: s = ± ylL'd 2/2n where d is the difference between duplicate values and n is the number of values recorded in each range (Table 4 ).
The estimate s = 18·1 pg for values in the 0 to 25 pg range allowed estimation of the sensitivity of the assay from the formula ts/yln (Snedecor, 1952) which gives a value of 22·4 pg, corresponding to a plasma level of 0·67 Il-g/IOO ml. In practice values lower than I Il-g/IOO ml are reported as such.
Since it was desirable to check the current procedure against an independent method, some samples within the range of samples normally received were assayed by this procedure using the 125I-radioligand and by a published procedure (Fahrny et al., 1975) using [3H]-cortisol. Agreement was acceptable (r = 0'97, Fr = 0'98FH -1'04), Fig. 5 .
Samples from a subject undergoing a short-term Synacthen stimulation test was assayed using the 1251-radioligand, and fulfilled the criteria for such a test in a normal subject: (a) initial test level > 5 fLg/lOO ml, (b) increment at 30 minutes is > 7 fLg/lOO ml, and (c) plasma level at 30 minutes is > 18 fLg/lOO ml. These data are shown in Fig. 6 .
The utility of the assay obviously depends on the different from zero. The data were plotted on logprobability paper (Fig. 4) and show good parallelism between diluted sample aliquots and cortisol standards. of radioiodine. In each case only one peak was seen on scanning a thin-layer chromatogram. The label is stable on storage at 4°C for up to 60 days-that is one half-life of 125 1, with no significant change in affinity (Fig. 7) . Changes in affinity between successive batches of radioligand are small in comparison to interassay variation and do not necessitate re-optimisation of the assay (Fig. 8) . It is convenient can then be superimposed within interassay variation throughout the first half-life of the label.
While this paper was in preparation Hasler et al. (1976) reported a method for determining cortisol. They used a 1251-radioligand and avoided extraction by enzymic destruction of binding proteins. However, in our opinion the time saved in avoiding extraction is lost by the complexity of the procedure.
In the 125} assay the supernate is simply aspirated; therefore less time is taken in preparing samples for counting compared with aliquoting the supernate and dispensing the scintillator required in the assay using the 3H label. The high cost of scintillator and vials is also avoided. Thus as previously noted (Hunter et al., 1975) the advantages of the 125 1 tracer are proportional to the number of samples to be assayed.
The assay therefore satisfies the usual criteria of accuracy, precision, sensitivity, and specificity for the determination of cortisol in plasma from normal subjects, and patients undergoing adrenal stimulation tests. Preparation of the radioligand was shown to be reproducible, proceeded in good yield, and the label was found to be stable for at least the first halflife of 125} (60 days). The economic benefits in high throughput systems are emphasised. to keep the mass of tracer the same throughout the period at 10 000 ct/min nominal-that is, the dilution corresponding to 10000 ct/rnin on the day of preparation-and alter the counting time to compensate for the lower count rate. The standard curves 
